This study aimed to evaluate the clinical significance of pretreatment red cell distribution width (RDW), monocyte/lymphocyte ratio (MLR), neutrophil/lymphocyte ratio (NLR), and platelet/lymphocyte ratio (PLR) in patients with urothelial carcinoma of the bladder (UCB).
Introduction
Bladder cancer is a catch-all term for several types of carcinoma arising from the epithelial lining of the urinary bladder. Urinary bladder cancer was the 6th most common carcinoma and the 9th main cause of cancer death among males throughout the world, with an estimated 330,400 new cases and 123,100 deaths in 2012. [1] In developed countries, both estimated new cases and estimated deaths of urinary bladder cancer are higher than in developing countries. [1] Bladder cancer is the 4th most frequent malignancy in males in the United States. [2] According to estimates, 79,030 new cases of bladder cancer are predicted to occur in the United States in 2017, with approximately 60,490 new cases among men. [2] In China, bladder cancer was the 6th and 16th most common cancer in men and women, respectively, in 2015. [3] Urothelial carcinoma of the bladder (UCB), also called transitional cell carcinoma of the bladder, accounts for more than 90% of cancers in the bladder [4] and is consequently the focus of this study.
The initiation, development, invasion, and metastasis of a tumor are always accompanied by inflammation and immune response, which have a complex interaction with the tumor microenvironment. [5, 6] Recently, hematological inflammatory markers that are easily and quickly measured in the clinic, such as red cell distribution width (RDW), monocyte/lymphocyte ratio (MLR), neutrophil/lymphocyte ratio (NLR), and platelet/lymphocyte ratio (PLR), are drawing increased attention because they could be prognostic or predictive factors for numerous cancers, for example, gastric cancer, pancreatic adenocarcinoma, and nonsmall cell lung cancer. [7] [8] [9] Although many studies have reported the roles of NLR and PLR in patients with bladder cancer, which consisted of UCB, squamous cell carcinoma, and adenocarcinoma, those studies either have not independently focused on UCB [10] [11] [12] or just elucidated the value of one of peripheral blood-based biomarkers in patients with UCB. [13, 14] In addition, the relationship between RDW, MLR, and UCB has not been well studied.
Therefore, the objective of the present study was to evaluate the clinical value of pretreatment RDW, MLR, NLR, and PLR in patients with UCB.
Materials and methods

Study subjects
This retrospective study consisted of 705 patients who were admitted to the First Affiliated Hospital of Guangxi Medical University for a newly diagnosed UCB between December 2011 and March 2017. A 2-step method was adopted to enroll the subjects. First, all newly diagnosed UCB patients who with available reports of pretreatment hematological parameters were selected. Those bladder cancer patients diagnosed with the following 4 types of carcinoma were enrolled: infiltrating urothelial carcinoma; urothelial carcinoma in situ; high grade non-invasive papillary urothelial carcinoma; and low grade noninvasive papillary urothelial carcinoma. Second, patients who met any one of the following criteria were excluded: other carcinoma except for UCB, chronic inflammatory diseases, chronic obstructive pulmonary disease, history of diabetes or hypertension, obesity, psychogenic diseases, cardiovascular diseases, hepatitis B or C, autoimmune diseases, renal diseases, or hematological diseases. Other exclusion criteria were the existence of active inflammation, iron supplementation therapy, recent blood transfusion (past 3 months), and recent phlebothrombosis (past 6 months). We randomly chose 162 matched healthy subjects who visited the hospital over the same period for physical examination as controls.
All of the chosen 127 patients underwent radical cystectomy (RC) or transurethral resection of bladder tumor (TURBT) for the first time and their urocystic samplings were performed in the Urology Department and evaluated in the Pathology Department of the First Affiliated Hospital of Guangxi Medical University. Moreover, all of the patients were histologically diagnosed with UCB only. Tumor staging was performed in accordance with the 2009 tumor node metastasis (TNM) classification (7th edition) approved by Union for International Cancer Control (UICC). Tumor grade was assigned based on the 2004 World Health Organization system.
Data collection and definitions
For UCB patients, we collected patient characteristics, pretreatment hematological parameters, and pathological features from their medical records in April 2017. Pretreatment hematological parameters were assessed in fresh EDTA-K2 anticoagulated blood collected between 08:00 and 10:00 within a week before any treatment. For healthy controls, peripheral blood-based parameters were recorded according to their healthy check reports.
All the blood samples were analyzed using COULTER LH780 hematology analyzer (Beckman Coulter, Inc, Kraemer Boulevard Brea, CA), and a well-established quality management system accredited by China National Accreditation Board for Laboratories was run to provide accurate and reliable data. We performed internal quality control and ensured that quality control results passed Westgard Rules before analyzing patient's sample every day. In addition, external quality assessment was implemented in 3 levels: regional, national, and international to measure the laboratory performance. All of the strategies ensured the accuracy of hematology analysis system. RDW was displayed with coefficient of variation. MLR was defined as absolute monocyte count divided by absolute lymphocyte count, NLR was obtained with absolute neutrophil count divided by absolute lymphocyte count, and absolute platelet count divided by absolute lymphocyte count was recorded as PLR. Comparison of hematological parameters was performed between UCB patients and healthy controls and among patients with different stages and different grades.
Our study was carried out in accordance with the permission of the Ethical Review Committee of the First Affiliated Hospital of Guangxi Medical University, and the committee approved our application for exemption of informed consent.
Statistical analysis
SPSS version 20.0 (SSPS Inc, Chicago, IL) and GraphPad Prism 5 (http://www.graphpad.com/scientifc-software/prism/) were used for statistical analysis. With respect to smoking history and gender, the matching of patient group and control group was checked with Pearson chi-squared test. The Mann-Whitney U tests were utilized to evaluate the difference in complete blood count-based parameters and age between 2 groups. The KruskalWallis tests and the Mann-Whitney U tests were applied to appraise the associations of hematological parameters with tumor stages and pretreatment RDW, MLR, NLR, and PLR with clinicopathological characteristics, respectively. The abilities of RDW, MLR, NLR, and PLR to distinguish patients with cancer from healthy subjects were assessed using receiver operating characteristic (ROC) curve analysis. Multivariate logistic regression analysis was performed for the variables identified as statistically significant in univariate analysis. The association between higher levels of NLR and PLR with the demographics and other clinical characteristics of patients was assessed with Pearson chi-squared test or Mann-Whitney U test. Statistical significance was set at P < .05 (2-tailed).
Results
After inclusion and exclusion criteria were applied, 127 patients with median age of 59 years (range, 22-85 years) remained. Of these 127 patients, 24 (18.90%), 51 (40.16%), 25 (19.69%), 10 (7.87%), and 9 (7.08%) patients were diagnosed with UICC stage 0a/0is, I, II, III, and IV, respectively; and 8 (6.30%) patients were excluded when assessing the link between hematological variables and tumor stage, tumor grade, and tumor size due to lack of detailed information on these 3 clinicopathological features ( Table 1 ).
The data in Table 2 display laboratory parameters of healthy controls and patients with cancer. The total number of peripheral blood leukocytes, neutrophil count, monocyte count, and platelet count were higher in UCB patients than in healthy controls. By contrast, patients with cancer had significantly lower hemoglobin (Hb) level and peripheral lymphocyte level than the controls. Compared to healthy controls, the median of pretreatment RDW, Fig. 1 . MLR, NLR, and PLR increased significantly with advanced UCB TNM stage. Similarly, level of neutrophil, monocyte, and platelet was associated with advanced UCB TNM stage as well. Differing from above parameters, lymphocyte count decreased slightly across TNM stages and no significant difference was observed. Decreasing Hb level was significantly associated with advanced UCB TNM stage. Changes in RDW across tumor stages were not significant.
Grouping by age, gender, tumor grade, and tumor size, we used Mann-Whitney U test (Table 3) to detect the correlations between the clinicopathological features with pretreatment RDW, MLR, NLR, and PLR. Our results showed that MLR was associated with tumor size while NLR and PLR were correlated with tumor grade and tumor size. MLR, NLR, and PLR were not correlated with gender and age.
Using UCB as a classification variable, ROC curves for the ability of RDW, MLR, NLR, and PLR to predict UCB are showed in Fig. 2 . The area under the ROC curve for pretreatment RDW were 0.572 (P = .037, cut-off = 0.135), 0.697 for MLR (P < .001, cut-off = 0.26), 0.725 for NLR (P < .001, cut-off = 2.16), and 0.706 for PLR (P < .001, cut-off = 128. 46) .
Given that the RDW, MLR, NLR, and PLR were different between the control group and the UCB group, we sought to determine whether these 4 inflammation-based markers could be predictors of UCB. Univariate analysis identified high RDW, MLR, NLR, and PLR levels, which were determined by ROC curve analysis, as significant predictors of UCB while the multivariate logistic regression model identified NLR ≥ 2.16 (odds ratio [OR], 2.914; 95% CI, 1.611-5.268; P < .001) and PLR ≥ 128.46 (OR, 2.761; 95% CI, 1.476-5.164; P = .001) as independent predictors of UCB (Table 4) . Patients with NLR ≥ 2.16 were 2.914 times more likely to be diagnosed with UCB than those with NLR < 2.16. Similarly, patients with PLR ≥ 128.46 were 2.761 times more likely to be diagnosed with UCB than those with PLR < 128.46.
To investigate whether there was a direct evidence link between higher levels of NLR and PLR with the cancer risk and behavior, the association between these 2 parameters and clinicopathological features and other clinical characteristics of patients was assessed. Compared to patients with low NLR, patients with NLR ≥ 2.16 were characterized by significantly increased carcinoembryonic antigen (CEA), a-fetoprotein (AFP), and lactate dehydrogenase (LDH), and significantly decreased serum total protein and albumin (ALB), and Hb (Table 5) . High NLR was associated with larger tumor size when compared to patients with lower NLR but no significant association with high tumor grade. NLR ≥ 2.16 was also associated with tumor stage. Patients with increased PLR were characterized by significantly increased levels Table 2 Comparison of demographics and hematological parameters in UCB patients and controls. Quantitative data are presented as median (range). Hb = hemoglobin, MLR = monocyte/lymphocyte ratio, NLR = neutrophil/lymphocyte ratio, PLR = platelet/lymphocyte ratio, RBC = red blood cells, RDW = red cell distribution width, UCB = urothelial carcinoma of the bladder, WBC = white blood cells. *
The P value was calculated by Pearson chi-squared test. of CEA, AFP, and LDH and significantly decreased level of ALB, Hb, and red blood cells (RBC) ( Table 6 ). In PLR ≥ 128.46 group, patients with high tumor grade and tumor stage accounted for a larger proportion, but there was no significant difference in regard to tumor size.
Discussion
Our study assessed the clinical significance of inflammationrelated parameters derived from peripheral blood in UCB, including RDW, NLR, PLR, and MLR. Higher pretreatment value of these 4 inflammation-related hematological parameters Table 3 The relationship of RDW, MLR, NLR, and PLR with clinicopathological characteristics in patients with UCB.
Patients characteristics
Variables, median (range) MLR = monocyte/lymphocyte ratio, NLR = neutrophil/lymphocyte ratio, PLR = platelet/lymphocyte ratio, RDW = red cell distribution width, UCB = urothelial carcinoma of the bladder. *
The P value was calculated with the Mann-Whitney U test. was detected in patients with UCB compared with healthy subjects. In addition, there were significant increases in MLR, NLR, and PLR from TNM stage 0a/0is to stage IV. Our present case-control data showed that patients with UCB were different from healthy controls in inflammatory condition and patients with different stages had different inflammatory states. From these results, we can infer that an inflammatory response continuously progresses in patients as disease advances. In addition, NLR and PLR were found to be independent predictors of UCB, while RDW and MLR were not. This is the first study to our knowledge to investigate the potential roles of RDW and MLR in patients with UCB. In the tumor microenvironment, inflammatory cell-producing chemokines and cytokines affect the overall tumor progression by regulating the differentiation, growth, migration, and apoptosis of all cell types, forming a complex interaction between cancer cells and inflammatory cells. [15, 16] Therefore, inflammatory pathways have been investigated for cancer treatment. [17, 18] In addition, inflammatory reaction to tumor growth leads to changes in relative levels of circulating leukocytes and other inflammation-related markers, making this response measurable. [5, 16] Recently, hematological markers of inflammation, such as RDW, NLR, and PLR, are attracting increased interest as they have proven to be potential prognostic factors in certain cancers. [19] [20] [21] Consequently, research on the clinical value of these inflammatory response markers is needed in bladder cancer, especially in UCB.
In the present study, we found a significant difference in pretreatment RDW value between patients with UCB and the control group. This result is consistent with previous studies that concluded that RDW value in patients with prostate, breast, or renal carcinoma was higher than in the healthy subjects. [22] [23] [24] However, there were no associations between RDW and tumor stage, tumor size, or tumor grade in our study. Likewise, Wang et al [19] did not observe a significant association between RDW and tumor stage. By contrast, some researchers detected a correlation between elevated RDW and advanced tumor stage or higher tumor grade in patients with certain solid tumors. [24, 25] With respect to the discrepancies between our observations and those of earlier studies, we suggest 2 possible explanations. First, the function of RDW may vary among types of cancer. Second, differences in study design and patient ethnic background may lead to diversity in the results of the studies. We note that strict inclusion and exclusion criteria were performed to ensure the representativeness of samples. Therefore, we conclude that there is not enough scientific evidence to prove that RDW could be a predictor of UCB.
In our research, the pretreatment MLR in the UCB group significantly increased relative to the control group and it was associated with tumor size and tumor stage. However, it is not an independent predictor for UCB. This observation is in line with the report of Lee et al [26] that lymphocyte/monocyte ratio (LMR), which is 1 divided by MLR, was significantly correlated with invasive bladder cancer stage, whereas LMR was not an independent predictor of muscle invasive bladder cancer (MIBC). Xiang et al [27] compared MLR between 133 ovarian cancer patients and healthy controls and concluded that an elevated MLR reflected the immune condition of patients and was a strong risk factor for advanced ovarian cancer stages and pathologic grades. Previous studies have reported that MLR was associated with survival in patients with malignant tumors, such as gastric cancer [28] and primary pulmonary lymphoepithelioma-like carcinoma. [29] The role of LMR has currently been studied in patients with bladder cancer. Some investigators reported that pretreatment LMR was significantly correlated with survival in bladder cancer patients after RC and could be an independent prognostic factor for UCB patients underwent RC. [11, 30] Although MLR has been studied in many solid tumors, its role in cancer has not been unanimously approved. The findings about MLR in UCB patients we observed in our paper still need to Figure 2 . ROC curves for pretreatment RDW, MLR, NLR, and PLR to predict UCB. MLR = monocyte/lymphocyte ratio, NLR = neutrophil/lymphocyte ratio, PLR = platelet/lymphocyte ratio, RDW = red cell distribution width, ROC = receiver operating characteristic, UCB = urothelial carcinoma of the bladder. CI = confidence interval, MLR = monocyte/lymphocyte ratio, NLR = neutrophil/lymphocyte ratio, OR = odds ratio, PLR = platelet/lymphocyte ratio, RDW = red cell distribution width, UCB = urothelial carcinoma of the bladder.
Luo et al. Medicine (2018) 97:14 www.md-journal.com Table 6 Comparison of 119 urothelial carcinoma of the bladder patient's clinicopathological features and baseline clinical data stratified by PLR. .812 † AFP = a-fetoprotein, ALB = albumin, CEA = carcinoembryonic antigen, Hb = hemoglobin, LDH = lactate dehydrogenase, PLR = platelet/lymphocyte ratio, RBC = red blood cells, RDW = red cell distribution width, TNM = tumor node metastasis, TP = total protein, U = enzyme activity unit, WBC = white blood cells. *
The P value was calculated by Pearson chi-squared test. † The P value was calculated by Mann-Whitney U test. .053 ‡ AFP = a-fetoprotein, ALB = albumin, CEA = carcinoembryonic antigen, Hb = hemoglobin, LDH = lactate dehydrogenase, NLR = neutrophil/lymphocyte ratio, RBC = red blood cells, RDW = red cell distribution width, TNM = tumor node metastasis, TP = total protein, U = enzyme activity unit, WBC = white blood cells. *
The P value was calculated by Fisher exact test. † The P value was calculated by Pearson chi-squared test. ‡ The P value was calculated by Mann-Whitney U test.
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Medicine be substantiated due to the limitation of the study. Therefore, it is necessary put more efforts in studying the function of MLR in managing UCB. Our results also showed, via the logistic regression, that an increased NLR or PLR was a predictor for UCB. Both NLR and PLR were associated with tumor stage, tumor size, and tumor grade. In recent years, NLR has been extensively researched as useful prognostic markers in cancers, with unfavorable oncological outcomes, such as more advanced stage and more aggressive tumor behavior, providing prognostic information for these patients. [14, 31] Despite inconsistent results, significant diagnostic and prognostic values of NLR have been reported in diverse cancers, including bladder cancer. [13, 14, 30] In non-muscle invasive bladder cancer (NMIBC) patients, Kang et al [10] revealed that preoperative NLR was a predictor for oncological outcomes. Mano et al [12] retrospectively analyzed 122 consecutive NMIBC patients and reported that NLR was an independent predictor of tumor progression and recurrence. Further, a positive correlation of NLR with tumor invasiveness had also been observed in NMIBC patients, indicating that NLR could be a promising biomarker in bladder cancer. [32, 33] In most studies based on MIBC, elevated NLR has also been considered as an independent predictor of survival and pathological outcomes. Hermanns et al [14] evaluated 424 bladder cancer patients undergoing RC, and found that higher NLR ≥ 3.0 was significantly associated with worse recurrence-free survival (hazard ratio [HR] = 1.49), cancer-specific survival (HR = 1.88), and overall survival (average HR = 1.67). Moreover, Viers et al [13] revealed a positive association of pretreatment NLR and advanced tumor stage and increased cancer-specific mortality among patients with UCB undergoing RC. Our results indicated that NLR ≥ 2.16 was associated with decreased Hb and ALB levels, thus revealing that high NLR was an important factor in UCB. In addition, increased NLR was associated with elevated CEA, AFP, and LDH which have been previously reported as tumor and inflammation and immune markers. [34] [35] [36] Moreover, patients with NLR ≥ 2.16 tended to be diagnosed with higher TNM stage and tumor size. Thus, the pretreatment high NLR may be an indicator of increased inflammation and immune responses in UCB.
The prognostic value of pretreatment PLR in bladder cancer patients has less been examined than NLR. Bhindi et al [32] and Zhang et al [37] reported that elevated PLR was associated with shorter overall survival in bladder cancer patients undergoing RC. However, after adjusting for confounding factors, preoperative PLR was found not to be an independent predictor of prognosis in both studies. Another study performed by Kang et al [10] drew a similar conclusion that though PLR (≥124) was associated with poor overall survival in NMIBC undergoing TURBT, high PLR was not independently associated with worse overall survival. Consistent with these findings, our study further demonstrated that increased PLR was associated with high levels of CEA, AFP, LDH, and advanced UCB stage and high tumor grade. In addition, patients with high PLR exhibited decreased ALB, Hb, and RBC. These findings, similarly to NLR, equally indicated that PLR may be a predictor of inflammation and immune status in UCB. However, as literature of pretreatment PLR on UCB is relatively insufficient, further validation with large sample sizes is required, and the exact mechanism through which PLR associates with UCB has yet to be elucidated.
The mechanisms underlying our observations are unclear. The occurrence, development, and prognosis of neoplasm involve multiple factors, including inflammation and host immunity response. The link between inflammation and cancer can be explained in 2 pathways: extrinsic pathway and intrinsic pathway. The former is driven by inflammatory states that increase cancer risk while the latter is driven by genetic alterations that induce inflammation and neoplasia. [5] Both extrinsic and intrinsic inflammation can affect the progression of premalignant lesion, which is the key rate-limiting step in cancer development. [38] The immune system-tumor interaction was summarized as cancer immunoediting, a dynamic process comprised of 3 phases: elimination (classical concept of cancer immunosurveillance), equilibrium, and escape. [39] According to the notion of "cancer immunoediting," the immune system plays dual roles throughout tumor development: the host-protection through eradicating the developing tumor cells and the tumor-sculpture by selecting tumors with reduced immunogenicity. [40] During both processes of tumor-associated inflammation and tumorrelated immune response, a polyfactorial network of biochemical signals can be stimulated and maintain the host response to tumor behaviors. This involves initiation and directed migration of leukocytes from blood system to target sites. [38, 41] Tumor cells, in turn, can produce various cytokines and chemokines that attract leukocytes, all of which produce an assorted array of damaging cytokines and cytotoxic mediators. [16] Leukocyte plays crucial role in cancer formation. Macrophages, especially tumor-associated macrophages, which differentiate in part from monocytes, contribute to cancer initiation and promotion: on one hand, the tumor microenvironment educates macrophages; on the other hand, macrophages boost angiogenesis, matrix breakdown, and tumor-cell motility by producing many compounds, ranging from mutagenic oxygen and nitrogen radicals to angiogenic factors. [42] In addition, neutrophils play a significant role in tumor growth and progression via possible mechanisms as follows: First, neutrophils are involved in the process of carcinogenesis through releasing reactive oxygen species and nitric oxide derivatives. [43] Second, neutrophils also express a large set of angiogenic factors capable of modulating tumor angiogenesis, such as vascular endothelial growth factor (VEGF). [44] Furthermore, the cytokines and proteins stored within granules of neutrophils may also function as tumor promoter. For example, neutrophil elastase has also been an independent poor prognostic factor for breast cancer patients. [45] Pretreatment thrombocytosis was an independent predictor of shorter survival, Takahashi et al [46] reported. Mezouar et al [47] held that interactions between cancer and platelet were bidirectional: tumor cells affect platelet physiology through several molecular pathways, including thrombin, thromboxane A2, and ADP; in turn, activated platelets further cancer growth, angiogenesis, metastasis, and cancerassociated thrombosis through releasing numerous mitogenic proteins and growth factors including-but not limited to VEGF and platelet-derived growth factor. Therefore, platelets have been suggested to be a potential target against cancer. Lymphocytes have been considered as one of the most significant components of the host's immunity, and the foundation of elimination phase of immunoediting against tumor cells.
[39] CD8+ cytotoxic T lymphocytes, CD4+ T helper (Th) 1 cells, and NK cells, together with their characteristic cytokine interferon function as main antitumor effector cells. [40] Activated B cells generate cancerspecific antibody inducing antibody-mediated cancer cell killing and cytokines coordinating other immune cells, particularly cytotoxic T-cells. [48] Hence, lymphocytopenia may result in a weak, insufficient immunological response to a tumor, leading to a poor outcome. [49] It is widely accepted that a defense barrier established by tumor-infiltrating lymphocytes contributes to controlling cancer cell dissemination. [50] Luo et al. Taken together, the levels of monocyte, neutrophil, and platelet reflect inflammatory states that act as evil in tumor microenvironment of patients with cancer and lymphocyte levels indicate an antitumor response. MLR, NLR, and PLR are parameters that take both inflammatory cells and lymphocytes into account, so their variation in UCB patients reflects a state of inflammatory responses and antitumor immune responses in cancer progression.
There are some limitations in this study. First, selection biases cannot be avoided because of the retrospective and hospitalbased characteristics of the study. Second, the sample size in our study is small and the proportion of advanced UCB is low as well, which may lead to incorrect results in evaluating the significance of the parameters. Third, hematological parameters evaluated in this paper are transient and susceptible to many factors and we cannot eliminate all of potential factors that impact these parameters. Finally, RDW, MLR, NLR, and PLR are all based on machine automatic count, which makes it difficult to validate the correctness of our data. Therefore, the studies below are required to confirm our observations: a large-scale prospective study with repetitive measurements data that considers as many as possible confounding factors, a set of validated study like flowcytometry with cell markers compared with machine reading data. Despite these important limitations, our study presents the possible role of NLR and PLR in clinical practice of UCB. This is the first study to convey the role of RDW and MLR in patients with UCB.
Conclusions
Our study demonstrated that pretreatment NLR and PLR are strongly associated with advanced tumor stages, pathologic grades, and larger tumor size in patients with UCB and are possibly independent predictors for UCB. NLR and PLR, which are easily calculated, readily accessible and inexpensive, could be simple-to-use predictors of UCB severity and might be used to manage the disease.
